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物から C2H2 を経て H2 および HCN（N2 の場合のみ）に転化されることがわかった。
また，トルエンおよびキシレンの分解過程も，ベンゼンの分解過程と同様にそれぞ






Volatile organic compounds (VOCs), such as, toluene, xylene, etc ., have been 
reported as source of suspended particulate matter and photo-chemical smog, so 
that the development of effective treatment techniques have been expected . 
Gas-cleanup techniques using discharge plasma have attracted attention, 
because high energy species like electrons, ions and excited molecules, the 
energy of which are higher than the dissociation energy of molecules forming 
VOCs, and chemically active species like radicals, ozone, etc . are produced in 
the plasma, and those can ignite the degradation of VOCs. Therefore, studies to 
increase the decomposition rate and efficiency of gas-cleanup techniques have 
been carried out. Although these two factors, namely, the decomposition rate 
and efficiency, are important for VOC treatment, it is also necessary to clarify 
the decomposition processes of the VOC, based on the detailed analyses of 
by-products, to control the plasma treatment of the VOC properly. Further, the 
decomposition processes of the VOC are discussed in a few papers as far as I 
know. 
In this work, we focus on benzene, a pollutant in exhaust fumes of automobiles, 
chemical factories etc., having simple structure with an aromatic ring. The 
decomposition process of benzene in a low-pressure DC glow discharge in N2 and 
Ar is examined from the partial pressure variations of gaseous products, and 
then similar examination has been carried out for toluene and xylene. 
For benzene, the variations in the partial pressure of gaseous molecules 
produced by the decomposition in a low pressure DC glow discharge in N 2 and Ar 
are measured by the mass spectrometry. Further, rate equations for the partial 
pressure variations with the electrical energy input, which consider possible 
reaction among the gaseous products, are proposed, and rate constants are 
determined by fitting the calculated partial pressure variations to the measured 
partial pressure variations. The partial pressure variations obtained by solving 
the rate equations considering only the products detected in the mass 
spectrometry do not agree with those measured. However, the partial pressure 
variations of the gaseous molecules obtained by solving rate equations added an 
intermediate from benzene agree well with those measured. The rate constants 
deduced here indicate that benzene is mainly decomposed into the intermediate, 
which is regarded as a fragment of benzene, the intermediate is decomposed into 
mainly C2H2, and then C2H2 is converted into H2 and HCN (only in N2). Also, 
toluene and xylene found to be decomposed into intermediates, which are 
regarded as fragments of toluene and xylene, the intermediate is decomposed 
















 この論文では，ベンゼン環を含む VOC の中でも最もシンプルな構造を持ち，自
動車や化学工場等の排ガスに含まれる発がん性物質であるベンゼンを分解対象とし，
窒素およびアルゴンガス中にベンゼンを混合したガス中で直流グロー放電を発生さ
せてベンゼン分解を行い，ベンゼンと分解生成物の分圧（濃度）変化を詳細に測定
するとともに，ベンゼンと分解生成物の分圧変化を投入エネルギーをパラメータと
したレート方程式を記述し，両者の対応から分解過程の検討が行われている。また，
VOC の中で大気への排出量が多いトルエンおよびキシレンについても同様の検討
が行われている。その結果，ベンゼン，トルエン，キシレンの分解過程は，低気圧
直流放電プラズマへの投入エネルギーの関数で記述されること，すなわち，VOC の
分解とそれに引き継ぐフラグメントの分解過程が投入エネルギーで律速されること
が，VOC 濃度や雰囲気ガスの種類を変化させた場合の結果の分析から示された。ま
た，レート方程式の係数（レート係数）値の検討から分解の主反応が明確化される
とともに，未検出の中間生成物（たとえばベンゼン環開裂物と予想されるもの）の
存在が，ベンゼン，トルエン，キシレンの分解初期過程に不可欠であることがはじ
めて指摘された。 
 以上のように，この論文では，高電圧工学，特に，気体放電の環境応用技術の発
展に寄与する重要な知見が示されていることから，博士（工学）の学位論文に値す
ると判断する。 
 
  
